Infant and early childhood death caused by environmental hyperthermia (fatal heat stroke) is a rare event, typically occurring in vehicles or beds. The aims of this study were to describe the demographics, circumstances, pathology, and manner of death in infants and young children who died of environmental hyperthermia and to compare these cases with those reported in the literature. Scene investigation, autopsy reports, and the microscopic slides of cases from three jurisdictions were reviewed. The subjects in 10 identified cases ranged in age from 53 days to 9 years. Eight were discovered in vehicles and 2 in beds. When the authors' cases were grouped with reported cases, the profile of those in vehicles differed from those in beds. The former were older, were exposed to rapidly reached higher temperatures, and often had more severe skin damage. The latter were mostly infants and were exposed to lower environmental temperatures. Hepatocellular necrosis and disseminated intravascular coagulation were reported in victims who survived at least 6 hours after the hyperthermic exposure. The consistent postmortem finding among nearly all victims was intrathoracic petechiae, suggesting terminal gasping in an attempt at autoresuscitation before death. The manner of death was either accident or homicide. Recommendations for the scene investigation are made.
Infant and early childhood death after exposure to environmental hyperthermia (fatal heat stroke) is a rare but recognized event that typically occurs in motor vehicles or beds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Infants and young children left unattended in motor vehicles are at risk for heat stroke and death because intravehicular temperatures can increase quickly to lethal levels, especially when the vehicles are parked in direct sunlight (1, 6, 14, 15) . Hyperthermic illness and death in a bed is often the result of a combination of several factors (3, 4, 7, 8, 12) . The manner of death has been reported as homicide in some of these cases (5) , but most are likely accidents (3, 8) .
The postmortem findings vary and depend on the duration of survival after hyperthermic exposure (9) . They include intrathoracic, cutaneous, and conjunctival petechiae; pulmonary and cerebral edema; visceral cellular degeneration and necrosis; and disseminated intravascular coagulation (DIC) (9,16 -19) .
Despite the appearance of anecdotal reports (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) , systematic reviews of the circumstances, pathology, and manner of death in a series of fatal pediatric cases are lacking. One oft-cited study of childhood heat illness focused primarily on the clinical features emphasizing its association with underlying diseases and acute illnesses (20) . Therefore, the aims of the current study were to describe the circumstances, pathology, and manner of death in a series of infants and young children without major medical problems who died as a result of exposure to environmental hyperthermia, and to compare the findings in these cases with those reported in the literature.
MATERIALS AND METHODS
Cases were identified after a search of the files of the Office of the San Diego County Medical Examiner, the Office of the Orange County Coroner in California, and the Forensic Science Center in Adelaide, South Australia. The reports of the scene investigation and postmor-tem examination as well as the microscopic slides of each case were reviewed and analyzed.
RESULTS
Ten cases were identified. The salient features are provided in Table 1 . The subjects ranged in age from 53 days to 3191 days (9 years); 7 were male; 8 were white, 1 was Hispanic, and 1 was black. All but 2 of the events occurred in unattended vehicles; however, environmental and intravehicular temperatures were recorded only for cases 9 and 10: a brother and sister found trapped together (these siblings were part of a previous report about childhood dehydration) (21) . For these 2 cases, the intravehicular temperature was Ͼ50°C on the day of death, and the ambient temperature was 23°C (maximum 27°C). The body temperature of 2 children was 42.2°C (108°F) and for another victim was 40.1°C (104.2°F) when measured in the emergency department. A few hours after death, the body temperature of 3 other children was still at or above normal, and in 2 of these cases the parents had bathed the children after they were found, in an attempt to lower their body temperatures. All of the children in this series were either found dead or pronounced dead within 1 hour of being found.
There were no consistent caretakers among these cases. In all but 1 case, there was a single caretaker (female:male ϭ 6:3); both parents were the caretakers in 1 case. Because 2 sets of children were found together (Table 1) , this actually represents 5 female and 2 male caretakers.
Intrathoracic petechiae (IP) were the most consistent postmortem finding. These were present in all 8 children discovered in vehicles, and in 1 of the 2 children found in bed (Table 1) . Dehydration was evident in 5 cases. Cutaneous injuries included petechiae in 2 cases, early skin slippage in 2, and a burn injury in 1. The skin "felt like 200 degrees" in 1 case. Blunt force trauma to the back was present in 1 case, wherein the manner of death was deemed homicide. Each of the twin siblings, both of whom were dehydrated, revealed acute hemorrhage in the tentorium (cases 1 and 2). Slight subarachnoid hemorrhage was present in another child who was also dehydrated (case 3). Severe pulmonary hemorrhage was present in case 3. Otherwise, the viscera were generally unremarkable except for skeletal muscle necrosis in 1 case and hepatic centrolobular degeneration in another. Finally, acute splenitis, characterized by mild sinusoidal neutrophilic infiltration, was seen in 2 cases (cases 3 and 6); DIC was not identified. Three children (cases 1, 2, and 4), all born prematurely, had body weights under the third percentile but were growing and developing normally. One child (case #5) had Down syndrome.
The manner of death was judged to be homicide in 4 cases and accidental in 6 cases. Tables 2 and 3 provide relevant details on the children reported to have died of environmental hyperthermia who were found in vehicles and beds, respectively.
DISCUSSION

Diagnosis and Risk Factors
The diagnosis of heat stroke is determined by a clinical presentation of disorientation, delirium, possible seizures, and coma and is confirmed by a body temperature Ն40.6°C (105°F) (22) . The identification of the source of exposure to hyperthermia obviously aids in the diagnosis, especially when lower body temperatures are recorded after the victim has been moved into a cooler environment (3) . Sustained exposure to heat is associated with a 50% mortality rate (23) . Compared with adults, children are at greater risk of morbidity and mortality, given their larger body surface areas per unit of body weight and their reduced capacity for sweating (24). Underlying illness probably increases the risk, reflected in the report of an infant with bronchopulmonary dysplasia who died of environmental hyperthermia (25) . The elderly, chronically ill, and disabled are also vulnerable (13) .
Because there are consistent differences in the groups of children found in vehicles or beds, our cases are combined with those reported in the literature for the purposes of discussion.
Hyperthermia Victims Found in Vehicles
Among 18 children found in motor vehicles (cases 1-3, 5-7, and 9 -10 in Table 1 and Table 2 ), 9 were female and 8 were male (the gender was not stated in 1 case). The ages ranged from 84 days to 9 years, with 10 children aged Ն1 year (the ages were not stated in 2 cases). Body temperatures were reported in 10 cases and ranged from 37°C measured 3 hours after death to 42.2°C (108°F). Nine children were exposed to high temperatures for Յ2 hours, and the range of exposure in all cases was between 1 and 10 hours. The caretakers were the mothers in 6 cases and the fathers in 3 cases. The manner of death was homicide, accidental, or unstated in 4, 5, and 9 cases, respectively.
Intrathoracic petechiae were identified in all 12 cases for which specific information was available; neither their presence nor their absence was reported in the other 6 cases. The other pathologic findings attributed to hyperthermic exposure included dehydration (6 cases), cutaneous burns (1 case), early skin slippage (2 cases), cutaneous petechiae (2 cases), and conjunctival petechiae (1 case). Disseminated intravascular coagulation was not identified in any of our cases but was identified in 2 reported cases (Table 2) wherein the children survived after discovery for 19 and 70 hours, respectively (1,6). 
Hyperthermia Victims Found in Bed
Eleven children were found in bed (cases 4 and 8 in Table 1; and Table 3 ), including 9 male and 2 female children. The ages ranged from 52 days to 2 years, and 8 were Յ4 months. Body temperatures were reported in 5 cases and ranged from 39.9°C to 41.3°C. The hours of heat exposure in the 5 cases for which specific information was reported ranged from 4.5 to 7 hours. Four children were found after their overnight sleep without estimates of the number of hours being provided. The mother was the caretaker in 3 cases and the father in 1 case. Both parents were apparently responsible for the child in 2 other cases. One of our cases was ruled a homicide on the basis of blunt force trauma to the back and other suspicious circumstances. Another was assigned an accidental manner of death, having no evident signs of neglect or intention to harm. The manner of death was not specifically reported for any of the other cases. The authors of the report of a 9-month-old infant deliberately "sealed" under blankets referred to the manner of death as being both accidental and an example of atypical fatal child abuse (12) . Our review of the circumstances in the remaining reported cases suggests that the manner of death was accidental.
Intrathoracic petechiae were described in 4 cases, reported absent in 1 case, and not mentioned in 6 cases. In 4 of these 6 cases, petechiae were reported to be present; however, the specific locations were not given (3) . Other pathologic findings that were attributed to hyperthermic exposure included dehydration in 3 cases. Cutaneous petechiae, purpura, and burns were observed individually in 3 separate cases. Skin slippage was not seen. Blunt force trauma to the back was noted in 1 child, and another had a healing abrasion on the head and small recent subcutaneous contusions of the head and chest; the manner of death in the former case was assigned as homicide and the latter was interpreted as an example of atypical fatal child abuse (12) . Liver necrosis and DIC were present in 4 cases, and, as with the children found in vehicles, were identified only in children that survived for at least 6 hours after discovery. Hepatic centrolobular degeneration was detected in 1 child who had been in bed for 6 hours and did not survive after being found. This group of children typically overheated through a combination of several factors that included excessive wrapping or thick covers, elevated room temperatures caused by either high ambient temperatures and humidity or excessive use of indoor heat sources in close proximity to the infant. Some of the children had mild fever or infections, and in 1 case the infant's self-exertion was thought to have contributed to overheating (Table 3 ) (12) .
Comments
The children dying of hyperthermic exposure in vehicles differ from those discovered in beds. Children found in vehicles are nearly divided equally between male and female children, whereas those discovered in a bed are typically male. The children found in vehicles tend to be older than those discovered in beds. There are several possible explanations for this age difference. Because infants are more vulnerable than toddlers to a variety of risks, including hyperthermia, caretakers may be more protective and likely to monitor them and, therefore, less likely to leave them unattended for longer lengths of time. Similarly, caretakers may be more likely to leave a young child in a vehicle, rather than an infant, particularly if the child is sleeping. A 1976 survey revealed that 12 of 50 mothers admitted to leaving their infants or toddlers Ͻ2 years of age in a parked car at least "on rare occasions" (1) . Caretakers might also assume that toddlers are able to get out of a vehicle without assistance. Finally, some of the children were old enough to get into a vehicle to play without a caretaker's assistance or knowledge but were unable to remove themselves, as a result of becoming trapped, becoming disoriented from the heat stroke, or falling asleep. Conversely, the children discovered in bed were primarily infants. It is not difficult to imagine that these children may have been sleeping in the vicinity of sleeping adults who were unaware of their precarious situation. In contrast to infants, older children may uncover themselves if they become too hot. Young infants may be particularly susceptible to overheating because of their high metabolic rates, greater thermolability, and inability to remove firmly secured bed clothes (3). Recorded body temperatures were higher among children found in vehicles. This is not surprising, given these children were exposed to temperatures that could reach high levels very quickly. With an ambient temperature of 36.8°C, intravehicular temperatures of cars in direct sunlight reached stable temperatures between 51°C and 67°C (depending on the car's characteristics) within 15 minutes of closing the doors; in just the first 5 minutes, at least 75% of the final temperatures had been reached (6) . Two studies have examined the rate of temperature increase in automobiles left in the shade or sun. In one, the average and maximal rates of increase in intravehicular temperature were 0.9°C and 1.05°C per minute, respectively, when the ambient temperature in the shade alongside the car was 27°C (26) . In the other, the temperature in a closed automobile fully exposed to the sun increased at a rate of 0.06°C per minute and had a peak surface temperature of 41.3°C when the peak air temperature in the car was 39.5°C and the maximum ambient temperature of the day was 28.3°C (27) . The differences in these two studies regarding the rates of temperature increase suggest that factors other than ambient temperature and sunlight exposure, such as humidity, are important. The make, size, and color of a vehicle may mitigate the rise in intravehicular temperatures but are not necessarily protective (6, 14) . Small cars heat more quickly than large ones, and leaving the windows partially open (2 in) has little effect (14) . The classic symptoms of heat stroke have developed in young children Ͻ20 minutes after they have been left in a closed vehicle (22) . And, in 1 of our cases a body temperature of 41°C was measured 3 hours after death.
Intrathoracic petechiae were the most consistent and common postmortem finding in these cases (Tables 1-3) . They were present in all but 1 case independent of the site of discovery (when such information was provided). This finding is consistent with deep gasping observed in a 4-month-old infant dressed in a sleeping suit and tucked in with four blankets on a warm, humid night and subsequently found to have a rectal temperature of 40.5°C (3) . Intrathoracic petechiae were present in children dying of sudden infant death syndrome (SIDS) whose gasping before death was documented by monitors (28) . The gasping in such cases probably follows rapid deep respirations such as those observed in critically ill children with severe heat illness (20) . Gasping is an important means of autoresuscitation, but its effectiveness is diminished after exposure to hyperthermia (29) . Decreases in the time to last gasp after a single hypoxic exposure and decreases in the number of successful gasping autoresuscitations after repeated hypoxic exposure were observed in rat pups subjected to increases in ambient temperature from 33°C to 41°C (29) . In another study, anesthetized cats increased the frequency of spontaneous gasps when their body temperature was raised from 37°C to 40°C with external heat (30) .
It is interesting that IP are present in the vast majority of SIDS cases (31) . As noted above, deep gasping has been documented before death in some SIDS cases, wherein nearly all the children had IP at autopsy (28) . Guntheroth and Spiers recently demonstrated a stronger association between thermal stress and SIDS than that for rebreathing (32) . Therefore, the differentiation of SIDS from lethal hyperthermia in an infant dying in bed rests on meticulous scene reconstruction and evaluation. The possibility that at least some cases of SIDS represent part of a continuum with deaths caused unequivocally by hyperthermic exposure deserves consideration.
Evidence of dehydration and cutaneous injuries, including "feeling hot", early skin slippage, petechiae, and purpura, were common and not surprising postmortem findings. Given the duration of exposure to high temperatures, the consistency and severity of these changes varied. Liver necrosis and DIC were present only in the children who survived for at least 6 hours (Tables 1-3) , although hepatic centrolobular degenerative changes were present in another case wherein death occurred within 1 hour of the victim being found unresponsive in bed. This suggests that the development of liver necrosis and DIC requires longer survival periods (9) . It has been shown experimentally that previously healthy dogs and monkeys immersed for 1 hour in hot water at 40°C to 45°C followed by a return to normothermia showed no significant cardiovascular, pulmonary, or metabolic changes for 2 hours; but subsequently, progressive hypotension, gross gastrointestinal hemorrhage, and visceral petechiae developed that were generalized rather than limited to the thoracic cavity (33) .
A variety of other postmortem changes have been seen in lethal cases of heat stroke. They include cerebral edema, occasionally sufficiently severe to cause cerebel-lar tonsillar herniation, as well as pulmonary hemorrhage and left ventricular subendocardial hemorrhage. Gastrointestinal and mesenteric hemorrhage, focal myocardial necrosis, renal tubular necrosis, adrenal necrosis, and rhabdomyolysis have also been identified. As with liver cell necrosis and DIC, these changes develop in victims who survive for some time after the hyperthermic event and are not specific to the location where the victim is discovered.
The manner of death was considered accidental when the investigation indicated miscommunication among the caretakers, or if the child entered the vehicle without the caretaker's knowledge, as occurred in 3 of our cases and apparently in 1 reported case (13) . In case 3, a 3-year-old who had been playing in the family car was thought by the parents to be at a neighbor's house with a fellow playmate. In cases 9 and 10, a brother and sister climbed into the back of a station wagon to play and were trapped as a result of a cargo barrier. Death in infants found overwrapped or in an overheated sleeping environment are also considered accidental, lending support to the notion that some parents have adopted the misguided belief that babies should be kept very warm to manage or prevent upper respiratory illnesses (34) . The manner of death was homicide in 5 cases on the basis of inflicted trauma and circumstances indicating neglectful parenting (5) . The child in case 4 died under suspicious circumstances and had evidence of inflicted trauma. Neglect and poor parenting of a 2-year-old boy left in a vehicle while his father visited several taverns contributed to the designation of homicide in 1 of the reported cases (5) . Although the manner of death was not reported, the presence of conjunctival petechiae in 1 case (9) should not be considered a marker of homicide, given that petechiae were present elsewhere in the body. On the other hand, petechiae limited to the conjunctiva in a victim of ostensible hyperthermic exposure should perhaps raise the question of previous suffocation or strangulation (35) .
Hyperthermia may be a contributory factor in deaths with other apparent causes. Bass reported 3 such cases in which the likely cause of death was hyperthermia and asphyxia in addition to possible carbon monoxide exposure in 2 cases and the use of a plastic tent attached to a steam vaporizer in the other (7) . In all these cases, the manner of death appears to have been accidental.
Recommendations
This analysis prompts several recommendations intended to assist in the evaluation of hyperthermic death in infants and young children. The description of the scene where the victim was discovered should include measurement of ambient and body temperatures and the source of environmental hyperthermia. It is noteworthy that the body temperature was not measured in 4 of our cases and not reported in 10 of the 19 cases in the literature. The vehicle's make, color, and window and door position, as well as exposure to direct sunlight, should be noted. In those children found in bed, the scene analysis should include a description of bedmates with their mental status and size, the type and amount of bedding, and other items in the bed, such as pillows and overstuffed toys. Photographs and diagrams of scene reconstructions accompanied by comprehensive descriptions with a doll can offer important information regarding the position of the victim in relation to bedmates, blankets, the victim's clothing, and devices designed to increase ambient temperatures, such as space heaters. The circumstances allowing a child to succumb to environmental hyperthermia must be analyzed to determine whether the manner of death is an accident or homicide. In this regard, verification of the caretakers' understanding of their responsibilities regarding the child's welfare is critical. The postmortem findings can be critical in delineating the severity and length of hyperthermic exposure experienced by the victim.
